Background: Equol, a metabolite of diadzein, is produced by some intestinal bacteria. Equol acts as an estrogen receptor agonist and has been reported to have several beneficial health effects. Leukocytes play an important role in the pathogenesis of autoimmune, metabolic, and cardiovascular diseases. Decreased leukocyte mitochondrial DNA (mtDNA) content, as an index of mitochondrial function, is associated with metabolic syndrome, bone mineral density, and aging. The possible association between equol production and leukocyte mitochondrial function has not been studied to date. Therefore, we investigated whether equol production is associated with leukocyte mtDNA copy number in postmenopausal women. Methods: This observational cross-sectional study included 71 postmenopausal women. They completed a lifestyle questionnaire and medical history. In addition, a dietary assessment using a 24-hour recall method and food frequency questionnaire, anthropometric evaluation, and blood sampling were conducted. Serum equol concentration was measured in the fasting state. Leukocyte mtDNA copy number was measured by real-time polymerase chain reaction. Results: Among older females, 33.8% were equol producers. The leukocyte mtDNA copy number was lower in non-equol producers versus equol producers. Furthermore, the leukocyte mtDNA copy number was positively associated with the serum equol concentration (r=0.42, P<0.01). Stepwise multiple regression analysis showed that equol production (β=47.864, P<0.01) was an independent factor associated with mtDNA copy number. Conclusions: Equol production was associated with elevated mtDNA content in the peripheral blood of postmenopausal women. This finding suggests that the beneficial health effects of equol in postmenopausal women may be related to increased mitochondrial function. Korean J Health Promot 2015;15(3):108-114
INTRODUCTION
Equol is a type of isoflavone metabolized from diadzein by bacterial flora in the intestines with soy consumption. 1) However, not everyone can produce equol. Only about 20-59% of humans have been found to produce equol; and this percentage seems to be higher in Asians than in Westerners. 2) Recent studies found that the ability to produce equol is influenced by age, diet, and the use of antibiotics. 3) Equol has preferential binding affinity to estrogen receptors (ER)-β. 4) Equol has been reported to relieve postmenopausal symptoms, have beneficial effects for prostate cancer, lower diastolic blood pressure in obese women, and prevent bone resorption. 5, 6) Furthermore, a recent study suggested that ER-β deficiency could lead to brain mitochondrial dysfunction and equol supplementation potentiated mitochondrial function in ovariectomized mice. 7) Leukocytes play an important role in the pathogenesis of autoimmune, metabolic, and cardiovascular diseases. 8) Decreased leukocyte mitochondrial DNA (mtDNA) content, as an index of mitochondrial function, is associated with metabolic syndrome, 9) bone mineral density, and aging. 10) ER-β was also identified in human leukocytes, and equol production may influence leukocyte mitochondrial function such as the initiation of cellular signaling pathways and antioxidant effects. 11, 12) However, the possible association between equol production and leukocyte mitochondrial function has not been studied to date. We investigated whether equol production is associated with leukocyte mtDNA copy number in postmenopausal women.
METHODS
This cross-sectional study included 71 postmenopausal women aged 64 to 83 years. They were recruited through flyers on a bulletin board at a hospital. All participants visited the primary healthcare clinic of Chung-ang University
Hospital in Seoul for a medical examination and interview.
None of the postmenopausal women had menstruated for at least 1 year, nor were they being treated with hormone therapy. Alcohol consumption was defined as consumption of 72 g or more of alcohol per week. Regular exercise was defined as physical exercise performed for at least 150 min/week. Past and current medical conditions and medication data were collected through individual surveys.
This study was approved by the institutional review board of Chung-ang University Hospital, and all participants provided written informed consent.
Anthropometric measurements were performed by a single, well-trained examiner. Body weight was measured to the nearest 0.1 kg using an electronic scale, with the partic- Table 1 shows the characteristics of the study participants according to postmenopausal NP and postmenopausal EP status.
RESULTS
The leukocyte mtDNA copy number was lower in NP than EP (P<0.01) (Fig. 1) . Furthermore, the leukocyte mtDNA copy number was positively associated with serum equol concentration (r=0.42, P<0.01) (Fig. 2) .
For univariate analyses using the Pearson's correlation Table 2) .
Stepwise multiple regression analysis showed that equol production (β=47.864, P<0.01) was an independent factor associated with mtDNA copy number after adjusting for age; BMI; WHR; total body fat; total lean body mass; systolic blood pressure; eGFR, fasting glucose; hs-CRP; 25-OH vitamin D; intake of energy, protein, and isoflavone; alcohol consumption; regular exercise; and users of anti-hypertensive, anti-diabetic, and lipid lowering agents (Table 3 ). 
DISCUSSION
The results of this study indicate that EP have significantly higher leukocyte mtDNA copy number than NP among postmenopausal women. Moreover, the leukocyte mtDNA copy number is positively associated with serum equol concentrations. We also found that equol production was independently associated with the mtDNA copy number.
The mechanism of equol in the regulation of mtDNA content in human leukocytes is unclear. Recent studies suggested that equol acts as natural selective estrogen receptor modulators. 17) Estrogen has multiple effects on mitochondrial function including regulating both nuclear and mitochondrial transcription, influencing the activation of signaling pathways, and having direct antioxidant effects. 11, 12) Equol might bind to ER-β and act similarly to estradiol, 4) thereby increasing the leukocyte mtDNA content during menopause.
About 50-59% of Asian adults have been found to produce equol from diadzein, 2) According to a previous study, the average daily intake of isoflavone in postmenopausal women in Korea is 21.94 mg. 19) So far, there has been no recommended daily intake of isoflavones. Although it is necessary to take 50 mg of isoflavone to relieve postmenopausal symptoms, 14) the amount of isoflavone needed to produce equol from diadzein has not been determined. Considering the high population ratio of EP observed in Asia, especially Taiwan where soybean-containing foods are generally consumed, 18) we should encourage the intake of more isoflavones.
The design and results of this study may raise some discussions. First, we did not perform biopsies of the target tissue, skeletal muscle, or fat, which is considered the gold standard for evaluation of mitochondrial function.
However, it has been suggested that the mtDNA copy number of peripheral blood may reflect that of muscle and live tissue in rats. 20) Second, we did not examine serum estradiol levels in participants. Since we enrolled women who had not menstruated for at least 1 year, serum estradiol level would not be that different among the participants.
Third, with cross-sectional studies, it is difficult to identify the cause and mechanism between the leukocyte mtDNA copy number and equol production. Finally, because the study was not conducted in the community, there may be selection bias. 중심 단어: 이퀄, 백혈구, DNA, 미토콘드리아, 폐경
